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NECROTIZING ENTEROCOLITIS (NEC) is a devastating gastrointestinal disease and a leading cause of morbidity and mortality among premature infants. The pathogenesis of NEC is not fully understood, and no effective treatments are available. The major risk factors to develop NEC are prematurity, enteral feeding, and inappropriate bacterial colonization (21) . Disturbance of intestinal epithelial integrity and mucosal barrier function plays an important role in pathogenesis of NEC (5) .
Autophagy is a highly conserved process of degradation and recycling of cytoplasmic components via delivery of doublemembrane-bound vesicle (autophagosome) containing cytoplasm and organelles to lysosomes (24) . A basal level of autophagy maintains a balance between anabolism and catabolism to keep normal cellular homeostasis. However, uncontrolled activation of autophagy leads to excessive degradation of cellular content and cell death (12) . During the last decade, genetic studies of autophagy in yeast identified 33 autophagy (ATG) genes (18) . Among them, ATG5, Beclin 1 (ATG6), ATG7, and microtubule-associated light chain 3 (LC3) (ATG8) are essential proteins in the regulation of autophagosome formation and maturation (45) . Beclin 1 is necessary for induction and initiation of autophagosome construction via recruitment of autophagy proteins to the pre-autophagosomal structure (38) . Then the formation and maturation of the autophagosome is regulated by the ATG12-ATG5-ATG16 complex and LC3 (31) . Finally, the autophagosome fuses with a lysosome and the contents of the autophagosome are degraded. The interaction of the p62 protein with LC3 is essential for autophagosome formation, and degradation of p62 protein is the hallmark of autophagy activation.
Autophagy protects organisms against diverse pathologies, including infections, cancer, neurodegeneration, aging, and heart disease (24) . Recently, autophagy has been linked to intestinal pathophysiology (16) . Results from several studies indicate that the defect of mammalian ATG16L1 and interferon-regulated GTPase (IRGM) genes leads to increased susceptibility for Crohn's disease (29, 30) . However, the role of autophagy in NEC pathogenesis is not known.
Epidermal growth factor (EGF) is a peptide that plays an important role in cell growth and maintenance of epithelial cell homeostasis in the small intestine (7) . EGF not only enhances proliferation and differentiation of enterocytes, but also promotes healing of damaged mucosa and intestinal adaptation after injury (7) . Clinical studies show that EGF insufficiency plays an important role in the pathogenesis of NEC (41) . In the rat NEC model, we reported that oral administration of EGF reduces the incidence and severity of disease (8, 9) . We have shown that EGF downregulates the overproduction of proinflammatory cytokines in the injured ileum (13) , maintains bile acid homeostasis in the ileum (14) , protects intestinal (5) and hepatic (20) cellular integrity and tight junction structure, and regulates intestinal epithelial apoptosis (6) . Thus EGF is one of the most promising candidates in NEC prophylaxis (4, 42) . However, the effect of EGF on autophagy in the small intestine is not known.
In the present study, we report a novel finding that autophagy is blocked in rat intestinal epithelial cells (IEC-6) treated with EGF. Furthermore, we show that autophagy is activated in the intestinal epithelium during development of NEC in humans and in the animal NEC model. In the rat model of NEC, EGF treatment of NEC reduces the expression of autophagy regulators Beclin 1 and LC3II in enterocytes of the ileum. Our data suggest that EGF-mediated protection against NEC injury is associated with regulation of intestinal autophagy.
MATERIALS AND METHODS
In vitro experiments. Nontransformed rat small intestinal epithelial IEC-6 cells (passages 18 -26) were obtained from ATCC (Manassas, VA; CRL-1592). Cells were cultured in stock Dulbecco's modified Eagle's medium (Sigma, St. Louis, MO) at 37.5°C, 95% air, and 5% CO 2 (23) . The medium was supplemented with 10% fetal bovine serum (FBS), 40 g/ml gentamicin, 2 mM glutamine, and 10 mg/l insulin. For experiments, at day 1, the cells were plated at a density of 4.5 ϫ 10 5 /cm 2 onto plastic plates (100 mm in diameter). At day 5, the culture medium was replaced. Twenty-four hours later (day 6), the culture medium was removed, each plate was washed with sterile PBS, and replaced with medium containing 10% FBS [serum (S)] or serum-free [serum-free (SF)] medium (23) . Lysosomal inhibitors E64d (Peptides International, Louisville, KY) and pepstatin A (Sigma) were added to the above mediums to yield final concentrations of 10 g/ml (39). Cells were incubated in a series of time points of 3, 6, 12, and 24 h.
In studies with EGF, IEC-6 cells were cultured as described above. At day 6, the culture medium was removed, and each plate was washed with sterile PBS and replaced with either medium containing 10% FBS S or SF medium or SF media containing 10 nM EGF (Harlan Bioproducts, Indianapolis, IN; SFϩEGF). Cells were incubated for 12 h.
Experimental NEC model. The study protocol was approved by the Animal Care and Use Committee at the University of Arizona (A-324801-95081). Neonatal Sprague-Dawley rats (Charles River Laboratories, Pontage, MI) were collected by cesarean section 1 day before scheduled birth. Pups were divided into the following experimental groups: rats hand-fed with a cow's milk-based formula (10) (NEC, n ϭ 36), and rats fed with a formula supplemented with 500 ng/ml of rat EGF (Harlan; EGF, n ϭ 24). Animals were hand-fed six times daily, with a total volume of 850 l of formula per day. Experimental NEC was induced by asphyxia (breathing 100% nitrogen gas for 60 s) and cold stress (4°C for 10 min) twice daily (5, 14) . After 96 h, all surviving animals were terminated via decapitation. Animals that developed signs of distress or imminent death before 96 h were terminated and included in the study. Pathological changes in intestinal architecture were evaluated using our laboratory's previously published NEC scoring system (8, 19) .
Human intestinal tissues. De-identified, archived human intestinal tissues were obtained under appropriate oversight by the Institutional Review Board at University of Alabama. Cases of NEC (n ϭ 10) and appropriate gestational age-matched control healthy margins of tissues resected for indications other than NEC (intestinal obstruction or at ostomy repair, n ϭ 5; gestational age 25-30 wk) were evaluated by a pediatric pathologist.
Western blot of intestinal samples and IEC-6 cells. Individual frozen ileum samples were homogenized in a homogenization buffer (50 mmol/l Tris·HCl, pH 7.4, 150 mmol/l NaCl, 1 mmol/l EDTA, 0.1% SDS, 1% sodium-deoxycholic acid, 1% Triton X-100, 50 mmol/l DTT, 50 mg/ml aprotinin, 50 mg/ml leupeptin, 5 mmol/l PMSF). IEC-6 cells were washed with PBS and harvested by gentle trypsinization with 0.25% trypsin-0.3% EDTA. Cells were then pelleted by centrifugation at 400 g, resuspended in 100 l ice-cold PBS containing Complete protease inhibitor cocktail (Roche Diagnostics, Indianapolis, IN) and 2% Triton X-100, and incubated on ice for 30 min. The homogenates were centrifuged at 10,000 rpm for 5 min at 4°C, and the supernatant was collected. Total protein concentration was quantified using the Bradford protein assay (2) . The samples were run on a 10% or 12% polyacrylamide gels and transferred to ImmunoBlot polyvinylidene difluoride membranes (Bio-Rad, Hercules, CA). Membranes were incubated with one of the following antibodies: a rabbit polyclonal Beclin 1 antibody (ProSci, Poway, CA), a rabbit polyclonal anti-ATG5 antibody (Santa Cruz Biotechnology, Santa Cruz, CA), or a rabbit polyclonal LC3 antibody (Cell Signaling) overnight at 4°C. A mouse monoclonal ␤-actin antibody (Santa Cruz Biotechnology) was used to confirm equal protein loading. After washing, the membranes were incubated with horseradish peroxidaseconjugated goat antimouse or antirabbit IgG (Santa Cruz Biotechnology) and visualized with a chemiluminescent system (Pierce, Rockford, IL). Densitometry was performed to compare protein expression between groups with Bio-Rad QuantityOne software (19) .
Immunohistology. Immunostaining of human and rat intestinal samples was performed as previously described (8, 19, 26) . Intestinal sections were incubated with either a rabbit polyclonal LC3II antibody (Abgent, San Diego, CA), or a rabbit polyclonal Beclin 1 antibody (ProSci), or a rabbit polyclonal p62 antibody (Abgent), followed by incubation with Alexa-594 conjugated anti-rabbit or anti-mouse secondary antibody (Molecular Probes, Eugene, OR), and mounted with Vectashield Hard Set Mounting Medium containing 4=,6-diamidino-2-phenylindole (DAPI) as a nuclear counterstain (Vector Laboratories). Controls included slides with no primary antibody. Cell nuclei were stained with DAPI (Calbiochem, San Diego, CA) diluted 1:1,000 in PBS. Imaging was performed with a Zeiss Axiovert fluorescence microscope. For quantification of fluorescence signal, digital images were saved in Adobe Photoshop 7 and analyzed using ImageJ software (National Institutes of Health). Statistical comparison of densities in three samples from each experimental group was performed using one-way ANOVA.
GFP-LC3 transfection and autophagy evaluation. cDNA encoding human LC3 was inserted into the EcoR I site of pEGFP-LC3 (Addgene, Cambridge, MA). pEGFP-LC3 was transfected into the IEC-6 cells using Lipofectamine 2000 (Invitrogen), according to the manufacturer's protocol. After transfection, the medium was replaced with S media (complete growth medium containing 10% FBS), SF, or SF media containing 10 nM EGF (SFϩEGF), and incubated for 12 h. Cells were washed with PBS, fixed in methanol, mounted with Prolong Gold Anti-fade Reagent with DAPI, and analyzed by fluorescent microscopy. Autophagy was evaluated by quantification of LC3 dots per cell, as previously described (31) .
In separate studies, autophagy was induced in GFP-LC3-transfected IEC-6 cells by incubation in either SF media for 12 h or in the HBSS media for 4 h. Cells were treated with either EGF or AG1478 [a selective EGF receptor (EGFR) inhibitor] or insulin-like growth factor-I (IGF-I) or platelet-derived growth factor (PDGF). After incubation, cells were washed with PBS, fixed in methanol, mounted with Prolong Gold Anti-fade Reagent with DAPI, and analyzed by fluorescent microscopy. The percentage of cells displaying punctuate distribution of GFP-LC3 was determined for at least 300 cells per sample (31) .
Electron microscopy. Transmission electron microscopy was used to detect ultrastructural changes in rat intestinal epithelium and IEC-6 cells. Intestinal tissue and IEC-6 cells were fixed with 3% glutaraldehyde in 0.1 mM cacodylate buffer. Samples were postfixed in 1% osmium tetroxide, dehydrated in a graded series of ethanols, and embedded in epoxy resin. Ultrathin sections were evaluated for morphological changes using a Phillips CM12 transmission electron microscope (Eidenhoven).
Statistical evaluation. Statistical analyses between experimental groups were performed using ANOVA followed by Fishers paired least significant difference. The 2 test was utilized to analyze difference in incidence of disease. All numerical data are expressed as means Ϯ SE.
RESULTS

Serum deprivation induces autophagy in IEC-6 cells.
Autophagosome formation is a complex process involving many proteins (31), and Beclin 1 is a key regulator of this process in the early stage of autophagy (24) . To determine whether autophagy can be induced in this cell line, IEC-6 cells were cultured in SF media, and a time course for autophagic response was characterized at the following time points: 3, 6, 12, and 24 h. Compared with the S group, protein levels of key autophagic regulators were markedly elevated in the SF group. Beclin 1 protein levels were significantly increased after 6 h, which continued through 12 h (Fig. 1) .
The process of autophagosome maturation can be evaluated by following the phospholipid conjugation of LC3I (cytosolic form) to LC3II (membrane bound form) (31) . Detection of LC3II serves as an essential autophagosomal marker, and the ratio between these two LC3 proteins (LC3II/LC3I) correlates with the number of autophagosomes (43) . Increased levels of membrane-bound LC3II protein were detected within 3 h of SF media incubation. This trend continued through 12 h. The LC3II-to-LC3I ratio was two to three times higher in the SF group, indicating activation of autophagy in these cells (P Յ 0.01 vs. S). At 24 h, protein levels of both autophagy regulators returned back to values seen in the S group (Fig. 1 ).
These results suggest that an autophagic response can be induced in IEC-6 cells within 3 h using SF conditions, followed by peak Beclin 1 and LC3II expression at 12 h. Based on these results, the 12-h time point was selected for further studies with EGF.
EGF reduces autophagy regulators and autophagic vacuoles in IEC-6 cells. The effect of EGF on autophagic signaling in intestinal epithelial cells is not known. To test whether supplementation of EGF to SF media can protect intestinal epithelial cells against autophagy, we quantified expression of Beclin 1 and LC3I/II proteins ( Fig. 2A) . Beclin 1 and LC3II levels were significantly reduced in the SFϩEGF group compared with the SF group (P Յ 0.01 vs. S or SFϩEGF). Supplementation of EGF decreased the LC3II-to-LC3I ratio, indicating autophagosome membrane reduction and autophagy inhibition (P Յ 0.01 vs. S or SFϩEGF; Fig. 2A) .
To examine whether EGF-mediated reduction of Beclin 1 and LC3II proteins had any impact on the formation of autophagosomes in IEC-6 cells, we used transmission electron microscopy, a method frequently utilized to measure the formation of autophagic vacuoles (11) . Our results showed striking differences in IEC-6 cell morphology (Fig. 2B) . Exposure of IEC-6 cells to the SF media resulted in significant ultrastuctural changes and typical signs of autophagy. Increased number of vacuoles (arrows) with degraded cytoplasmic material (hallmarks for autophagy) and swollen and/or damaged mitochondria were frequently observed in cells from the SF group. The formation of autophagosomes containing cytoplasmic material indicated the late stage of lysosomal degradation in these cells. In contrast, cells in the SFϩEGF group displayed normal cellular ultrastructure with healthy cellular constituents and organelles, including mitochondria, similar to structure seen in the S group.
EGF reduces autophagosome formation in IEC-6 cells. To confirm that EGF reduces autophagy in IEC-6 cells, we utilized a complimentary method that involves the use of an autophagy marker, GFP-LC3. A change in GFP-LC3 localization from diffuse cytoplasmic to punctate (autophagosome-bound LC3 dots) indicates formation of autophagosomes. LC3II protein incorporated into the autophagosome membrane (represented as fluorescent dots in the images) reflects the number of autophagic vacuoles in cells (Fig. 3A) . In the SF group, the number of green fluorescent dots was approximately threefold higher compared with the S group. Administration of EGF into media reduced the amount of fluorescent LC3II dots to values observed in the S group (P Յ 0.01 vs. S or SFϩEGF).
IEC-6 cells cultured in either the SF media (Fig. 3B ) or starvation HBSS media (Fig. 3C ) exhibited a significant increase in the amount of cells with fluorescent LC3II dots compared with the S group (P Յ 0.01 vs. S). Administration of EGF into both the SF and HBSS media reduced the number of cells with LC3II dots to values observed in the S group. Inhibition of EGFR signaling with AG1478 completely attenuated the effect of EGF in both SF and HBSS conditions.
To verify if other serum-derived growth factors can induce similar changes as EGF, IEC-6 cells were cultured with either IGF-I or PDGF. Neither IGF-I nor PDGF was able to reduce autophagosome formation. These results clearly indicate that EGF, but not IGF-I or PDGF, is able to block autophagy in IEC-6 cells. 
EGF reduces the incidence and severity of injury in experimental NEC.
As shown in our laboratory's previous work, oral administration of EGF reduces ileal damage in the rat model of NEC (5, 8, 20) . A blinded evaluator scored histological changes in the ileum. The incidence of NEC was reduced from 62% in the NEC group (n ϭ 36) to 14% in the EGF group (P Յ 0.01, 2 analysis; n ϭ 24). The survival rates for these studies were as follows: NEC, 82%, and EGF, 86% (20) .
EGF decreases intestinal expression of autophagy regulators in a rat model of NEC.
To determine the effect of EGF treatment of NEC on autophagy, intestinal Beclin 1 (Fig. 4) , LC3 (Fig. 5A), and p62 (Fig. 5C ) protein levels and their histological localization were evaluated in the ileum of rat pups. Ileal Beclin 1 levels were significantly decreased in EGF-treated animals compared with the NEC rats (Fig. 4A) . Strong Beclin 1 staining was detected in epithelial cells of crypts and the lower half of villi in NEC rats. In the EGF group, Beclin 1 staining was observed mainly in the crypt enterocytes (Fig. 4B) . Intensity of Beclin 1 signal was significantly higher (twofold, P Ͻ 0.001) in ileal epithelium of NEC rats compared with the EGF group.
In the ileum of NEC pups, the presence of both LC3I and LC3II isoforms was detected; however, the expression of the LC3II isoform was markedly higher. In EGF-treated pups, a significant decrease of LC3II protein compared with NEC pups was observed (Fig. 5A) . The LC3II/LC3I ratio in EGF-treated pups (with the majority of LC3 remaining in its nonlipated LC3I isoform) was significantly decreased, suggesting the reduction of autophagy compared with NEC rats (Fig. 5B ; n ϭ 9; P Ͻ 0.02). In both experimental groups, the LC3 signal was localized in the majority of epithelial cells of the ileum (Fig. 5C) . However, the intensity of LC3II signal was twofold higher in the NEC group compared with the EGF-treated pups (P Ͻ 0.001).
The p62 protein recognizes toxic cellular waste, which is then scavenged from cell by autophagy. Direct interaction of p62 with the LC3 complex leads to the degradation of p62 by the autophagy-lysosome system. Thus degradation of p62 protein serves as a unique marker of autophagy activation. Strong p62 staining was observed in ileal epithelium of EGF-treated rats, whereas only a weak and diffuse signal was observed in the NEC group (Fig. 5C) .
EGF reduces the presence of autophagic vacuoles in intestinal epithelium of neonatal rats. Similar to evaluations of IEC-6 cells, transmission electron microscopy was used to visualize the structure of the ileal epithelium from NEC rats. Typical signs of autophagy, including formation of autophagosomes, autophagolysosomes, and vacuoles, were frequently observed in ileal epithelial cells in the NEC group (Fig. 6) . Ultrastructural pictures of epithelial cells from NEC rats showed abnormal cellular structure with numerous autophagic compartments (arrows). In contrast, ileal epithelium from the EGF group displayed minimal structural abnormalities typical of autophagy, and the appearance of these cells indicated healthy cellular structures (Fig. 6) .
Increased expression of autophagy proteins in human NEC. The massive accumulation of essential autophagic regulators (such as Beclin 1 and LC3II) and degradation of p62 protein indicate induction of autophagy in tissue. To further clarify the role of autophagy during NEC pathogenesis, we evaluated expression of these proteins in human tissue. Intestinal samples from prematurely born babies suffering with NEC exhibited a strong staining for both Beclin 1 and LC3II (Fig. 7) . The signal was localized predominantly in epithelial cells of crypts and villi from these patients. High magnification pictures showed that Beclin 1 and LC3II were present mainly in the cytoplasm of intestinal epithelium. In contrast, intestinal samples from age-matching controls exhibited only a very low level of both Beclin 1 and LC3II. Expression of p62 protein exhibited the exact opposite pattern. Intestinal epithelium from age-matching controls exhibited strong staining for p62, whereas p62 staining was minimal or absent in tissue from NEC patients (Fig. 7) . The degradation of p62 protein and strong upregulation of Beclin 1 and LC3II clearly indicate activation of autophagy in the intestinal epithelium of NEC patients.
DISCUSSION
In this study, for the first time, we report the direct inhibitory effect of EGF on autophagy in the intestinal epithelial cells. This finding is verified in the rat NEC model, where EGF treatment of NEC reduced autophagy in the ileal epithelium. Our laboratory's previous work shows that EGF protects the intestine against NEC injury (8) via regulation of intestinal barrier integrity (5) and maintenance of enterocytes' apoptosis (6) . In the present study, we introduce an additional mechanism for EGF-mediated protection against mucosal injury: inhibition of intestinal autophagy in the site of injury. The relevance of results from experimental models is confirmed in human NEC (15-kDa) , an autophagosomal membrane incorporated isoform, is observed in the NEC group. Right: densitometry quantification of Western blot analysis for LC3 is presented as a ratio of LC3II/LC3I (n ϭ 9). #P Ͻ 0.02. B: representative images from NEC and EGF groups stained for LC3II (green). Cell nuclei were stained with DAPI (blue; n ϭ 9 animals/experimental group). C: representative images from NEC and EGF groups stained for p62 protein (green; n ϭ 9 animals/experimental group). biopsies, showing a strong activation of autophagy in the intestinal epithelium. Results from these studies suggest a novel insight into the mechanism of autophagy regulation and highlight the role of EGF in this process.
Intestinal epithelial homeostasis is (under normal physiological conditions) maintained by balancing the rate of cell proliferation and cell loss. A high turnover rate of intestinal epithelium necessitates rapid removal of cells at the end of their normal life cycle (1) . Apoptosis and autophagy are two closely connected cellular mechanisms through which aged, superfluous, or damaged cells are eliminated (27) . The importance of apoptosis in preservation of intestinal integrity is well established, whereas the role of autophagy is still not fully understood (16) .
In general, autophagy is defined as a cell survival process during periods of metabolic stress, such as nutrient deprivation. It is well known that incubation of cells in medium containing serum blocks autophagy, whereas the use of SF media rapidly activates autophagic signaling (28, 36) . However, the specific components of serum responsible for regulation of autophagy are not known. A recent study with bovine mammary cells suggested an inhibitory effect of EGF on autophagy (37) . Results from our study show a similar effect in intestinal epithelial cells. The supplementation of EGF into either SF media or HBSS starvation media blocks formation of autophagosomes in IEC-6 cells to values seen in cells cultured in serum-containing medium. Moreover, the effect of EGF on IEC-6 cells is completely blocked by inhibition of EGFR signaling. Finally, a similar anti-autophagic effect cannot be accomplished by supplementation of major serum-derived growth factors (such as IGF-I or PDGF) into starvation media. Thus we conclude that EGF, which is normally present in biologically significant concentrations in serum, is one of the key serum regulators of autophagy. Fig. 6 . TEM of the ileum from neonatal rats. Normal cellular morphology was observed in the epithelial cells from control animals; many mitochondria with normal structure are present in the cytoplasm. In the NEC rats, epithelial cells show the presence of many autophagic compartments that contain partially degraded cytoplasmic material (black arrows). In contrast, TEM images from the animals treated with EGF show no presence autophagosomes. At a basal level, autophagy maintains normal cell homeostasis (12) , while inappropriate activation of autophagy facilitates uncontrolled massive cell death, leading to severe injury (17) . Indeed, recent studies show that autophagy is a key element in many disease states, including cancer, neurodegeneration, tuberculosis, and Crohn's disease (16, 40, 44) . Similar to Crohn's disease, NEC is an inflammatory disease affecting the small and large intestine. The finding is that polymorphism of two autophagy genes, ATG16L1 and IRGM1, leads to increased susceptibility for Crohn's disease and highlights the importance of autophagic signaling in intestinal pathophysiology (15, 29, 30) . However, the role of autophagy in NEC was not examined. Our results show massive activation of intestinal autophagy in babies with NEC. Increased expression of essential autophagy regulators (Beclin 1 and LC3II) and the disappearance of p62 protein are observed in the intestinal epithelium from NEC patients. We speculate that, initially, induction of autophagy is protective for the intestinal mucosa. However, substantial activation of autophagy results in accumulation of autophagic vacuoles, which destroys large proportions of the cytosol and organelles, causing collapse of vital cellular functions and leading to cellular death (25) . This impairment of epithelial cell homeostasis makes the intestine more vulnerable to mucosal injury, such as NEC.
In Crohn's disease, mutation of autophagy genes ATG16L1 and IRGM leads to defective Paneth cells function (3, 29, 30) and higher susceptibility to this disease (22) . Silencing of ATG16L1 and IRGM expression by short interfering RNA reduces the ability of autophagy to effectively clear bacterial pathogens (29, 35) . We speculate that the role of autophagy in NEC pathogenesis is different from Crohn's disease. In NEC, intestinal immaturity is the major risk factor to develop this disease. Both clinical and experimental studies indicate that abnormal function of Paneth cells, which are localized in intestinal crypts, predisposes the premature intestine to NEC injury (32) (33) (34) . Results from our experimental NEC model show upregulation of essential autophagic regulators Beclin 1 and LC3II in mainly crypt cells of the ileum of NEC rats. In the early stage of NEC, the activation of autophagy provides protection for the intestinal epithelium by removing damaged cytosolic components and organelles. However, continuous exposure of the immature gut to cellular stress may induce uncontrolled autophagy, forcing epithelial cell homeostasis toward cell death, compromising Paneth cells' protective functions, and consequently increasing the susceptibility to mucosal injury, such as NEC.
Previous studies from our laboratory show that EGF reduces experimental NEC (8) . The molecular mechanism underlying EGF's protective effects against NEC is complex, including the reduction of inflammation in the ileum (13) , maintenance of bile acid transport (14) , protection of integrity of intestinal tight junctions (5) , and regulation of epithelial apoptosis (6) . In the present study, we demonstrate a new role of EGF in the prevention of NEC. We speculate that EGF treatment of experimental NEC downregulates the expression of autophagy proteins and blocks autophagy in the site of injury. This might be an additional molecular mechanism by which EGF downregulates epithelial cell death and thus protects the intestinal epithelium against mucosal injury.
In summary, we are the first to report that autophagy is upregulated in NEC patients, and oral EGF administration blocks autophagy in the neonatal rat NEC model. Utilization of IEC-6 substantiates the role of autophagy under stressed conditions and demonstrates a primary site of autophagy activation by which the sole administration of EGF inhibits autophagy in intestinal epithelial cells. This study presents a novel mechanism by which EGF mediates protection against NEC injury.
